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Abstract 
In order to explain the phenomenon that carbon monoxide exceeds and occurs in the coal seams during the process of coal mining. Eight 
typical coal samples of different metamorphic degree in low rank coal seam were collected. And then, the analyses of industry and 
element experiments were performed. Furthermore, the infrared spectrogram of coals were measured at different temperature (303.15K, 
323.15K, 343.15K, 363.15K) by the Fourier infrared spectral instrument to study the existing form of the oxygen-containing functional 
groups, and through observing the changeable laws of the oxygen-containing functional groups to research the influence of the carbon 
monoxide occurs in low rank coals. The results showed that hydroxide radical existed in the form of associating with hydrogen in the 
water molecule in low rank coals. In addition, the activities of hydroxide radical and the carbonyl of oxygen-containing functional groups 
were stronger than other groups, so they had an important effect on carbon monoxide occurs in coal seams. What's more, a total number 
of oxygen-containing functional groups were decreased with the change of the temperature. Furthermore, there were lots of ether oxygen 
groups in the process. On the contrary, a number of hydroxide radical and carbonyl were also decreased, it had little influence on carbon 
monoxide occurs in low rank coals. To sum up, the research can provide theoretical basis for the safety of low rank coal seams' mining. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
Technology. 
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1. Introduction 
With the high rank coal seams mining and the growing of demand of energy, the low rank coal seams' mining and using 
are becoming more and more popular. There are lots of mines which often happened that the phenomenon of overrun of 
carbon monoxide during the process of low rank coal seams' mining[1-2], such as the Wei Zhou Mining Company of Kai 
Luan (Group), Cui Jiazhai Mining Company, Dong Huantuo Mining Company of Kai Luan (Group) Limited Company, Da 
Shuitou Coal Mine of Jing Yuan Coal Limited Company, and so on. After many mines excluded the possibility of the CO 
was came from the oxidation of coals during process of coals mining, the result confirmed that the CO existed in the form of 
occurrence in the coal seams. Recently, with the development of science and technology and the improvement of detective 
means, more and more scholars recognize that the overweight of the CO is not owing to the fire of coal seam, however there 
is CO in coal seams[1-2], and a series of studies have been proceed[3-10] for the influence regular of CO occurrence. 
In our paper a systematic study of the oxygen-containing functional groups' changeable regular under different 
temperatures and the influence of CO occurrence in terms of the structure of the coals molecule in low rank coals. 
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2. Collection and production of the coal samples 
Eight kinds of typical coal samples were collected from different coal seams in the Colliery of Cui Jiazhai and the 
Colliery of Dong Huantuo. There are bituminous coals in the two collieries, and Colliery of Cui Jiazhai is candle coals, the 
Colliery of Dong Huantuo is gas coals. Then a screening experiment was conducted according to the national standard 
GB474-96 "coal sample preparation methods" regulation, and coal samples were gave for numbers, and then samples were 
placed in the dryer seal. 
3. Laboratory experiments 
3.1. Analysis of the properties of coal samples 
In order to master the basic properties of coal samples, analysis of industry and element experiments for eight kinds of 
typical coal samples were carried out. The industrial analysis of coal samples were performed by the instrument of 
automatic industrial analyzer with the type of JIANG SU MAC-2000. The content analysis of the carbon, hydrogen, 
nitrogen, and sulfur of the coal samples were performed by the instrument of element analyzer with the type of Germany 
VarioEL EA Company. The results of the experiment as shown in Table 1. 
Table 1. Results of the analysis of the industry and element experiments 
Number Mad/% Vad/% Aad/% FCad/% C/% H/% S/% N/% O/% 
1 22.95 23.74 6.39 46.92 56.58 4.872 0.176 0.613 37.759 
2 2.91 35.75 8.79 52.55 72.74 5.234 0.819 1.511 19.696 
3 2.72 34.21 9.14 53.93 73.28 4.863 0.555 1.486 19.816 
4 2.52 34.52 5.22 57.74 74.60 4.933 1.443 1.351 17.673 
5 2.62 33.76 7.75 55.87 74.89 5.102 0.923 1.362 17.723 
6 2.25 36.71 11.35 49.69 71.12 4.810 3.944 1.291 18.835 
7 2.20 38.45 10.15 49.20 71.84 4.998 3.203 1.311 18.648 
8 1.88 36.96 9.85 51.31 72.82 4.948 2.264 1.322 18.646 
Generally speaking, the higher the metamorphism degree of the coals, the lower the content of the inner water of 
the coal[11]. The table 1 shows that content of the moisture and oxygen element of coal samples changes greatly. 
Including content of moisture of sample 1 reaches as high as 22.95%, the content of oxygen element reaches as high 
as 37.76%, metamorphic degree is low, and sample 1 belongs to candle coal. However the content of water of sample 
2 is less, but volatile matter is larger, the metamorphic degree is moderate, and sample 2 belongs to gas coal, which 
consistent with the fact. 
3.2. Fourier infrared spectrum experiment 
 Some scholars just made a qualitative study of oxygen element of coal on the influence of the CO occurrence[1]. But 
the oxygen element has many different existing forms in the coal. Also including the types, the quantity and the molecular 
configurations of functional groups are different in different coal rocks and different metamorphism degree of the coal[12]. 
In order to further explain all forms of oxygen groups on the influence of the CO occurs in coal seams by using infrared 
spectrum method to study the changeable laws of oxygen groups at different temperature. 
Firstly, eight kinds of coal samples were separately oxidized 48 hours in 303.15K, 323.15K, 343.15K, 363.15K, and 
then the FTIR analysis was conducted through the instrument of spectrophotometer with the type of DAO JIN FTIR-8400S 
to get the infrared spectrograms of coal samples. Owing to space of the paper and quality of the infrared spectrograms, the 
sample1 and sample2 were chose to analyze, the infrared spectrograms (spectral lines is followed by303.15K-363.15Kfrom 
down to top) as shown in Fig.1, 2. 
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Fig.1. Infrared spectrogram of sample 1. 
 
Fig.2. Infrared spectrogram of sample 2. 
4. Results and discussions 
Because of the molecules groups have a variety of vibration manners in various compounds. It's unnecessary to explain 
every absorption peak, generally as long as identify several ones to dozen of characteristic peaks in the infrared spectrogram, 
which can define the structure of the samples material. And for the same kind of functional group in the process of spectra 
testing, the position of the absorption peak of functional group is fixed.  Looked up for the characteristics infrared 
spectrogram in normal temperature of coals and combine the figure1and figure2[11], the functional groups that belong to 
each coal samples were identified according to the  positions of the appeared absorption peaks,then the absorption peaks and 
the corresponding functional groups were analyzed and summarized. The absorption peaks and the corresponding functional 
groups belong to the coal samples in the situation of T =303.15K as shown in the following: 
Aromatics hydrocarbon of sample 1 and sample 2: two coal samples don't have some absorption peaks of aromatics 
carbon-hydrogen group at 700–860 cm-1 absorption place. Respectively existence aromatic hydrocarbon double carbon bond 
telescopic vibration near to the 1595 cm-1 and 1600 cm-1. And there isn't absorption peaks in 3040 cm-1 place. 
Fat hydrocarbon of sample1 and sample2: sample 1 respectively existence methane and methyl symmetrical and 
asymmetric telescopic vibration absorption peaks that belong to benzene rings and fat hydrocarbon near to the 2854 cm-1, 
2924 cm-1 and 2958 cm-1 place. And sample2 respectively existed methane and methyl symmetrical and asymmetric 
telescopic vibration and flexural vibration absorption peaks that belong to naphthenic hydrocarbon and fat hydrocarbon in 
2920 cm-1, 2858 cm-1, 1435 cm-1 and 1384 cm-1 place.  
Oxygen groups of sample 1 and sample 2: sample 1existed hydroxide radical exists in the form of associating with 
hydrogen in 3265 cm-1, 3333 cm-1, 3363 cm-1 and 3383 cm-1 place. And it's emerged a free hydroxyl in 3691 cm-1, there isn't 
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absorption peaks in 1700 cm-1 (> C = O), but it's existed a carbonyl with methane telescopic vibration near to 1450 cm-
1.There isn't (CO-O-ester) absorption peaks in 1722-1736 cm-1. Sample 2 had the hydroxide radical telescopic vibration 
absorption peaks near to 3061 cm-1, 3419 cm-1 and 3441 cm-1. There is the free hydroxyl in 3618 cm-1 and 3693 cm-1 place. 
There isn't (> C = O) absorption peaks in 1700 cm-1, without  (CO-O-ester) absorption peaks in the 1722-1736 cm-1 either. 
But it's emerged very weak alkyl ether- key absorption in 1031 cm-1 and 1008 cm-1 place. 
The infrared spectrograms under different temperatures were basically similar to the spectrogram in 303.15K as the 
figure 1and figure2 shown. And the original positions of the absorption peaks of functional groups had little change; there 
were some changes just in strength and area of absorption peaks. What's more, some characteristic peaks added in some 
peak places, especially the types of oxygen groups increased obviously, but a number of functional groups increased little, 
may be fat side chain and oxygen groups created some new groups in oxidation process, and the new groups also produce 
the reaction. 
In order to make a quantitative study of the changeable laws of oxygen-containing functional groups, the obvious 
absorption peaks and the oxygen-containing functional groups were analyzed through the software of resolution, and their 
parameters of peaks such as area and height of peaks were obtained too, as shown in table2, table3. 
Table 2. Parameters of peaks of obvious functional groups of sample 1 at different temperature 
Peak place/cm-1 Designation 
Peak area at different temperature/(cm2·kg-1)
303.15K 323.15K 343.15K 363.15K 
1450.52 Carbonyl with methane 443.516 9.438 0 0 
3383.26 hydroxide radical 19.975 158.695 15.736 15.086 
1261.49 Aryl ether oxygen 0 79.587 153.029 117.948 
2854.74 methyl in benzene rings 275.166 331.702 440.835 0 
1595.18 Aromatic hydrocarbon double carbon bond 4.564 12.877 219.437 112.099 
Table 3. Parameters of peaks of obvious functional groups of sample 2 at different temperature 
Peak place/cm-1 Designation 
Peak area at different temperature/(cm2·kg-1)
303.15K 323.15K 343.15K 363.15K 
1340.57 Carbonyl with methane 0 21.434 0 28.372 
3419.90 Hydroxide radical 252.216 255.383 306.914 18.754 
1269.2 Aryl ether oxygen 0 85.349 82.742 89.777 
2858.60 Methyl in benzene rings 271.072 214.253 206. 637 232.842 
1600.97 Aromatic hydrocarbon double carbon bond 39.674 20.858 87.56 92.375 
Through the table2 and table3, comparing the area of peaks of functional groups which changed greatly in the 
spectrogram, the results indicated that content of aromatic in the sample1 was less than the sample2, and content of fat 
hydrocarbon was more than the sample2. This is decided by the nature of the metamorphism degree of the low rank coals. 
In addition, there was mainly carbonyl with methane and hydroxide radical in the sample1, the sample2 mainly included 
Hydroxide radical. And both of them contain quantity of hydroxide radical were rare different, just sample 1 included 
content of carbonyl with methane is large, Actually the coal seams of sample1 CO occurrence is easier than sample2, and 
with a strong storage. This explained that carbonyl contribution was larger to CO occurrence in low rank coals, might be it 
easier reacts with O2 to generation CO or generation other active groups to make the CO increase. 
In order to make a quantitative study[13] of the changeable laws of oxygen-containing functional groups under 
temperature furthermost, three oxygen-containing functional groups that include carbonyl with methane in 1450.52cm-1
place, hydroxyl-ether hydrogen bonding in 3383.26 cm-1 place and ether oxygen group belongs to aryl ether in 1261.49 cm-1
place (in the diagram below, respectively by A, B and C instead of three groups) were mainly analyzed. Then a chart was 
made according to the area of the peaks of the two kinds of coal samples under the different temperatures, see in fig. 3, 4. 
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Fig.3. Changeable laws of peak area of sample 1.                                                             Fig.4. Changeable laws of peak area of sample 2. 
After oxidation of two coal samples, the changeable tendency of oxygen-containing functional groups was increased 
firstly, and then decreased, and the general trend is reduced. The content of ether oxygen had little difference in two coal 
samples, and the changeable tendency was very similar. Only the content of Hydroxide radical and carbonyl have great 
difference, but the change tendency was very similar too, which explained the content of the functional groups on the 
impact of reaction activity of coals was less, however influence of species and space configuration of functional groups was 
bigger. Furthermore the hydroxide radical and carbonyl on the influence of the CO occurrence was larger, opposite the ether 
oxygen had less influence. The total content of oxygen element in the sample1 is larger than the sample2, but the content of 
active groups such as hydroxide radical is less than the sample2. So we not only judgment the influence of CO occurrence in 
the coal seams by total content of oxygen element, but also to judgment with the types of functional groups, activity of 
species of groups and rate of the new generate groups. 
The content of hydroxide radical in the sample1 is less than the sample2, but the ability of CO occurrence is stronger 
than the sample2, could be due to the water content in sample1 is larger, and hydroxide radical exists in the form of 
associating with a hydrogen, the key's power is bigger, so the activity is stronger. 
5. Conclusions 
(1) Moisture in the low rank coals is bigger, the hydroxide radical exists in the form of associating with a hydrogen in 
water molecule, the key to larger, the activity to stronger, so the influence is bigger in the carbon monoxide occurs in low 
rank coal seams. 
(2) The amount of oxygen-containing functional groups on the impact of the carbon monoxide occurs in low rank coal 
seams is not large, but the types of functional groups and the generated species of groups and the generation rate of the 
activity groups make mainly influence. Among them with hydroxide radical, carbonyl influence is bigger, it's greater than 
the effect of ether oxygen. 
(3) With the change of temperatures, the amount and type of oxygen-containing functional groups will change. 
Including the number of oxygen-containing functional groups whole shows reduced tendency, it's due to produce ether 
oxygen primarily. The content of hydroxide radical and carbonyl is fell off, and make the influence of carbon monoxide 
occurs in coal seams to reduce, and it's consistent with the actual situation of the carbon monoxide occurs in coal seams. 
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